Abstract -The incidence, symptoms and consequences of Nosema ceranae infection were monitored in 200 honey bee colonies in Serbia over 5 years (2008)(2009)(2010)(2011)(2012) to reveal if they display characteristics described for nosemosis type C. Continual high frequency of N. ceranae-positive colonies was recorded within each study year, ranging from 73 to 98 %. A seasonal pattern in N. ceranae incidence was observed over 4 years (2008)(2009)(2010)(2011). Symptoms traditionally attributed to Nosema apis infection were observed in the majority of N. ceranaeinfected colonies, both among surviving and those that died. These symptoms could not serve as predictive markers for colony losses, as they were significantly more frequently observed among surviving colonies in 2010, 2011 and 2012. No clear association between N. ceranae infection and colony losses was affirmed neither during the winter nor during the summer season. Thus, N. ceranae infection in Serbian bees do not fit the characteristics for nosemosis type C.
INTRODUCTION
Two microsporidian species, Nosema apis (Zander 1909) and Nosema ceranae (Fries et al. 1996) , may infect adult honey bees. Although it was considered for a long time that N. apis was a pathogen specific for the European honey bee, Apis mellifera, and N. ceranae for the Asian honey bee, Apis cerana, many recent reports have revealed that the latter infect A. mellifera worldwide Fries et al. 2006; Huang et al. 2007; Klee et al. 2007; Paxton et al. 2007; Chauzat et al. 2007; Chen et al. 2008; Williams et al. 2008; Invernizzi et al. 2009; Tapaszti et al. 2009; Giersch et al. 2009; Stevanovic et al. 2011; Nabian et al. 2011; Dainat et al. 2012) . Previously, N. ceranae was considered an emergent pathogen suspected to replace N. apis in A. mellifera ). However, there are evidence that N. ceranae has been present in the western honey bees for longer than 20 years (Paxton et al. 2007; Chen et al. 2008; Invernizzi et al. 2009 ) without actually replacing N. apis (Fernández et al. 2012 ) and with a less pronounced prevalence in northern climates (Fries and Forsgren 2008; Gisder et al. 2010) .
In Serbia and neighbouring countries (Hungary, Croatia, Bosnia and Herzegovina, Montenegro, Former Yugoslav Republic of Macedonia and Greece) N. ceranae totally dominates in Microsporidia infections in honey bees (Tapaszti et al. 2009; Tlak Gajger et al. 2010; Bacandritsos et al. 2010; Stevanovic et al. 2011) . Detection of only N. ceranae in historical samples of Serbian bees (collected between 2000 and 2005) indicated that this species has been present in Serbia since at least the year 2000 (Stevanovic et al. 2011) . Today, it is not possible to determine the species of earlier findings of Microsporidia infections in honey bees from this region. Thus, it is not possible to determine if N. ceranae has become more prevalent at the expense of N. apis or if both parasites may vary in prevalence independently. The idea of replacement of N. apis by N. ceranae is not supported by studies of the 'N. apis/N. ceranae/honey bee' relationship in laboratory assays. Neither N. apis nor N. ceranae has been shown to exert any clear competitive advantage in co-infections (Forsgren and Fries 2010 ) and neither of these parasites excludes the other, either at the colony level or at the individual level (Martín-Hernández et al. 2011a) .
Differences in epidemiological pattern, symptomology and pathology were observed between the disease caused by N. ceranae and N. apis (Higes et al. 2010a) . Thus, two different clinical patterns of nosemosis were proposed: nosemosis type A caused by N. apis and type C by N. ceranae. This nomenclature was agreed by the COLOSS workshop (2009), reviewed in Higes et al. (2010a) .
Nosemosis type A was characterised, in its acute form, by dysentery (brown faecal marks on combs, frames and the front of the hives), sick and dead bees in the vicinity of the hives, a decrease in brood production and in the size of the honey bee colony particularly in spring. Also, N. apis exhibits a clear seasonality in infection prevalence and colony collapse occur mainly in early spring, i.e. before the foraging season starts (Bailey 1955 (Bailey , 1967 . However, such clinical features were not reported for nosemosis type C, at least in Spain where a lack of seasonality have been reported with the absence of any clear symptoms and eventually collapse of infected colonies if treatment was not administered Higes et al. 2008 Higes et al. , 2009 Higes et al. , 2010a . However, in Germany, the absence of seasonality in N. ceranae prevalence could not be confirmed (Gisder et al. 2010) .
Reports on the impact of N. ceranae infection on honey bee health and colony survival are contradictory, so its role in colony losses is not fully understood (Paxton 2010) . In Spain, significant causative association between N. ceranae and colony losses have been reported Higes et al. 2008; , and this pathogen has been considered to be a key factor in colony losses detected over the last decade in that Mediterranean country (Higes et al. 2010b ). However, also from Spain existing data appear contradictory. Both N. ceranae and N. apis have been reported to be present in beehives without causing disease symptoms or colony collapse (Fernández et al. 2012) .
Several investigations from different geographical regions found that N. ceranae may be involved in colony losses, but in the combination with other synergistic factors (Alaux et al. 2010; Bromenshenk et al. 2010; Bacandritsos et al. 2010; Vidau et al. 2011) , whilst many investigations could not confirm that N. ceranae infection alone inevitably leads to colony loss (Cox-Foster et al. 2007; vanEngelsdorp et al. 2009; Genersch et al. 2010; Gisder et al. 2010; Vejsnaes et al. 2010; Stevanovic et al. 2011; Dainat et al. 2012) . Such discrepancies in data at the colony-level pathology, characteristics and outcome of N. ceranae infections in different parts of the world may be due to the influence of climatic factors (Fries 2010; Higes et al. 2010a; Paxton 2010; Gisder et al. 2010) . Insufficient data on epidemiological factors, clinical symptoms of N. ceranae disease and the impacts of N. ceranae on A. mellifera in different areas in Europe and rest of the world, suggest a great need for such investigation in different geographical areas, defined beekeeping management and climatic conditions (Higes et al. 2010a; Fries 2010) .
In this study, we monitored the incidence, symptoms and consequences of N. ceranae infection in 200 honey bee colonies in Serbia over 5 years (2008) (2009) (2010) (2011) (2012) . The objective was to investigate if N. ceranae infections in Serbian honey bee colonies is characterised by lack of seasonality, the absence of clinical symptoms and is associated with colony loss, as previously described for nosemosis type C caused by N. ceranae in Spain (COLOSS workshop 2009; reviewed in Higes et al. 2010a ). In addition, the adequacy of faeces and dead bees for Nosema diagnostic purposes was also assessed.
MATERIALS AND METHODS

Honey bee colonies
A total of 200 colonies from 20 distant apiaries in Serbia (ten randomly selected colonies per apiary), including the apiary at the Faculty of Veterinary Medicine in Belgrade, were monitored for Nosema infection between spring 2008 and summer 2012. Selected apiaries were situated at locations distributed throughout Serbia in both flatland and mountainous parts, thus under different climatic conditions (see Figure 1 ). At each visit to the apiary, all colonies were checked for both bee and brood pathology by a veterinary specialist for bee diseases (co-author of this article) following methods described in the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals published by the Office International des Epizooties (OIE 2008) to confirm the absence of any bee disease other than Nosema infection. Varroa destructor infestation was controlled during the study by two yearly treatments, with amitraz (Varamit®) or with fluvalinat (Varotom®), alternating the products each year. No fumagillin or alternative treatment against Nosema were undertaken in any of 200 selected colonies. In surrounding areas, there were sufficient quantities of pollen during the foraging season, and no genetically modified agricultural crops were cultivated. All colonies were supplied with 2 L of sugar syrup (sugar/water, 1:1) in the autumn and sugar patty at the end of the January. No changes were made in beekeeping practices during the study. To maintain the same number of monitored hives, each colony that died was replaced. The numbers of colonies that died are presented in Tables IV, V and VI. Overall, 237 colonies were replaced (48+58+70+51-died during the winter season of the respective year and 4+5+8+3-died during the summer season of the respective year).
Samples
Adult live bees were sampled three times a year (in March, June and October). As first sampling was done in March 2008, and last in June 2012 (Figure 2 ), a total of 2,800 bee samples were taken on 14 sampling occasions. Each sample consisted of 100 live adult bees. In March, live bees were collected either from the cluster (Gisder et al. 2010) or from the hive entrance after closing it for 20-30 min (Meana et al. 2010; Botías et al. 2012) , depending on climate and availability of foragers. In June and October, around 100 foragers from the hive entrances were collected from each colony. All collected samples were frozen at −20°C and stored until analysis. In addition, samples of faeces and dead bees were collected in March in order to reveal if such samples are adequate for Nosema detection and species identification. Faeces were sampled each year when found on hive structures. A total of 1,788 faecal samples were collected, analysed by microscopy and PCR, and the results compared with those obtained from analysis of live bees sampled on the same day from the same colony. Dead bees from bottom boards were sampled only in the first year of the investigation (March 2008) because 24 of 200 colonies infected with N. ceranae (affirmed by analyses of faeces) appeared Nosema negative when collected dead bees were analysed (both microscopically and by PCR). Thus, dead bees were excluded as non-adequate for Nosema detection, and only live bees and faeces were sampled in the following years.
Detection of Nosema infection and determination of Nosema species
A simple, non-quantitative method recommended by OIE (2008) was used for detecting Nosema infection from live bee samples. Briefly, at least 60 bee abdomens from each sample were macerated in 2-3 mL of water and suspension was examined microscopically at ×400 magnification. Suspensions of all samples, including those that appeared Nosema negative by microscopic analysis, were stored at −20°C and subsequently subjected to PCR analysis to check the reliability of the microscopic method for Nosema detection from live bees. For DNA extraction, 1 mL of spore suspension was washed twice with ddH 2 O by centrifugation (5 min, 16,100×g). Pellets were frozen in liquid nitrogen, crushed using sterile pellet pestles and used for DNA extraction by DNeasy Plant Mini Extraction Kit (Qiagen, cat. No. 69104) . The extracts were kept at −20°C until needed as DNA template in PCRs.
Faecal samples were also checked for Nosema spores under the light microscopy. Approximately 200 mg of faeces was homogenised in 1 mL of ddH 2 O to obtain the suspension clear enough to Figure 1 . Geographical distribution of monitored apiaries (1, Apatin; 2, Novo Milosevo; 3, Botos; 4, Susara; 5, Gibarac; 6, Cer; 7, Beograd; 8, Kaliste; 9, Despotovac; 10, Kriva Reka; 11, Dobro Polje; 12, Mackovac; 13, Zalug; 14, Rogatac; 15, Ugljare; 16, Cmilovac; 17, Zagubica; 18, Metris; 19, Pirot; and 20, Prokuplje).
observe spores microscopically at ×400 magnification. For PCR identification of Nosema species, DNA was extracted from the pellet obtained after centrifugation of faecal suspension for 5 min at 16,100×g. The pellet was frozen in liquid nitrogen, crushed using sterile pellet pestles and re-suspended in 1 mL of ddH 2 O, vortexed for 1 min and 0.5 mL of the mixture discarded. The rest of the suspension was subjected to two rounds of dilution as follows: tubes were refilled to 1 mL with ddH 2 O, vortexed and 0.5 mL of the mixture discarded. After the second dilution step, 88 μL of the resulted suspension was transferred to a new 1.5 mL tube and mixed with 10 μL of 10× KAPA Express Extract Buffer and 2 μL of KAPA Express Extract Enzyme (KAPA Biosystems, cat. No. KK7103). After incubation for 22 min at 75°C and 5 min at 95°C, the mixture was centrifuged for 1 min at 16,100×g, 50 μL of the supernatant was transferred to a new 1.5-mL tube and resuspended in 200 μL of 1× TE buffer (Serva, cat. No. 39799.01 ) and frozen at −20°C or used immediately for PCR.
For Nosema detection and determination of Nosema species, two PCR methods were used. Duplex PCR with species-specific primers (321APIS-FOR/REV for detection of N. apis and 218MITOC-FOR/REV for detection of N. ceranae) designed by Martín-Hernández et al. (2007) and PCR-RFLP with nos-16S-fw/rv primers (Stevanovic et al. 2011) for those samples that failed to produce an amplicon in duplex PCR. Both PCRs were performed the same way as previously described in detail (Stevanovic et al. 2011) . Samples that were confirmed to be Nosema negative after amplification with nos-16S-fw/rv primers, were not subjected to digestion with restriction enzymes.
Field survey
N. ceranae incidence pattern, symptoms of N. ceranae infection and association of N. ceranae with colony losses were monitored in the field study. To assess if N. ceranae infection display a seasonal pattern, the proportion of N. ceranae-positive colonies was determined in each apiary in March, June and October (except October 2012) and obtained N. ceranae incidences compared between the three sampling months within each year and between the same sampling months in different years. To reveal if there are any symptoms of N. ceranae infection, each hive was carefully checked for any obvious outwards signs that resemble those attributed for N. apis infection (faecal marks on frames, combs and hive structures; dead and sick crawling bees in the vicinity of the hives) according to Bailey (1955 Bailey ( , 1967 and the COLOSS workshop (2009). To evaluate if there is association between N. ceranae infection and colony losses during the winter and summer seasons, dead colonies were counted in each apiary in mid-March and at the end of November and the proportion of N. ceranae-positive colonies were compared between surviving and dead colonies, separately for each season.
Statistical analysis
The Chi-square test was used to compare: (1) the incidence of N. ceranae between three sampling months within each year and between the same sampling months in different years; (2) the presence of symptoms between surviving and dead N. ceranae positive colonies; and (3) the proportion of N. ceranae-positive colonies between surviving and dead colonies, separately for each season (winter and summer). (2008) to 98 % (2010). Lower, but still considerable proportions of N. ceranae infected colonies were affirmed in October (76-87 %) and June (73-91 %). However, statistical analysis using the Chi-square test revealed a significant differences (P<0.01) in N. ceranae incidences between three sampling months within each year, except for 2012, the year with no available data for October, and no significant difference in N. ceranae incidence between March and June (Table I ). When N. ceranae incidences were compared between the same sampling months in different years studied, only March incidences did not significantly differ (Table II) . These results were based on PCR analyses of live bees to be comparable between different sampling occasions since faecal samples were not continuously available.
Symptoms occurence
in N. ceranae-infected colonies Clinical symptoms previously described for N. apis infection (faecal marks, dead and sick crawling bees) were noticed in this study in most of N. ceranae-infected colonies during spring inspection in March. Symptoms of nosemosis were recorded in both surviving (91.6 to 100.0 %) and dead colonies (77.6 to 100.0 %) without significant differences between surviving or dead colonies in 2008 and 2009 (Table III) . In 2008 and 2009, the proportions of colonies with symptoms were very (Table III) . However, in 2010, 2011 and 2012, symptoms were significantly more frequently observed among surviving colonies (P00.007, P00.018 and P<0.001, respectively) (Table III) . Interestingly, some other subjective observations were noticed in N. ceranae-infected colonies during the winter time: the cluster appeared less tight (rather than compact in non-infected colonies) in cold winter days (up to −5°C); the bees were more anxious than normal on mild winter temperatures (0°C or slightly more) manifested through unusually greater number of bees on the hive entrance after sound disturbing (knocking on the outer surfaces of the hive). Among dead colonies during the first spring inspection, we found either plenty of apparently hungry bees (with heads put deep into the comb cells despite sufficient food stores) or typical symptoms of colony collapse disorder (CCD): the complete absence of adult bees in colonies with few or no dead bees in/around colonies; the presence of small amount of capped brood and the presence of food stores (Ellis et al. 2010) . CCD-like symptoms were detected only in apiaries situated in agricultural regions (localities No. 1, 2, 3 and 4; Figure 1 ).
The association of N. ceranae infection with colony losses during the winter and summer seasons
Based on colony mortality recorded in March, 24-50 % of monitored colonies died, but there were no significant differences in the proportion of N. ceranae infected colonies between surviving and dead colonies during winter season in the period 2008-2011 (Table IV) . Only in 2012, N. ceranae was significantly more (P00.012) present among Table III . Symptoms occurence at the end of winter season in surviving and dead Nosema ceranae-infected colonies over 5 years of study (2008) (2009) (2010) (2011) (2012) dead colonies (Table IV) . In the same winter (2012), all dead colonies were infected with N. ceranae (Table IV) , and the highest proportion of colony loss was recorded (50 %) compared with other years of this study (Tables IV and V) . Based on the results presented in Table V , winter colony losses could not be related to altitudes of localities. Nevertheless, it should be 5  9 9  2  2  5  4  7  6  245  1  2  3  3  8  7  100  3  5  6  4  6  8  100  2  3  2  1  0  9  200  3  5  6  5  10  10  1,113  4  4  6  5  9  11  1,100  3  2  4  3  8  12  188  3  5  6  3  7  13  500  2  2  2  1  3  14  777  0  1  0  0  0  15  600  0  2  0  1  0  16  435  2  2  0  1  0  17  330  2  1  3  1  4  18  250  3  2  2  1  2  19  464  3  2  2  1  4  20  250  2  1  4  1  4  Total No. of  dead colonies  during winter   48  58  70  51  100 a The distribution and the names of localities are presented in Figure 1 noted that the best survival rate of the colonies was found at localities No. 14, 15 and 16 on altitudes 777, 600 and 435 m, respectively, and the greatest loss of colonies was recorded in locality No. 9 (on altitude 200 m) where no colony survived the winter 2012 (Figure 1 , Table V) . During the summer, the percentage of lost colonies (1.5-4 %) was much lower than in the winter season and no significant differences in the proportion of N. ceranae-infected colonies were affirmed between colonies that survived and those that died in 2008, 2009 and 2011 (Table VI) . In 2010, significantly higher (P00.029) number of N. ceranae-positive colonies survived (Table VI) . Microscopic examination of feacal samples showed 100 % of the samples to be infected. However, when live bees were analysed, PCR revealed Nosema infection in 5 % more samples compared with microscopy. Faecal samples gave consistent results in Nosema detection, being 100 % Nosema positive, either by microscopy or PCR. Nosema species was successfully determined in all faecal samples. Dead bees appeared non-adequate for Nosema detection because their analyses (either by microscopy or by PCR) did not reveal N. ceranae infection in 12 % of colonies confirmed as Nosema positive by analyses of live bees and faeces sampled at the same time from the same colonies.
DISCUSSION
The detection of only N. ceranae species in this study is in agreement with previously reported dominance of this microsporodian pathogen in honey bees from Serbia (Stevanovic et al. 2011) . No samples positive to N. apis were found in this study using conventional PCR methods (duplex PCR and PCR-RFLP), that are commonly used for molecular identification of Nosema species 2011b; Higes et al. 2010b; Stevanovic et al. 2011; Gisder et al. 2010; Hedtke et al. 2011) . Duplex real-time PCR assay was reported to be more sensitive than duplex conventional PCR in identification of N. apis, although it showed greater efficacy only in two co-infected samples (Burgher-MacLellan et al. 2010) .
Investigation of N. ceranae seasonality in adult bee samples revealed significant differences (P< 0.01) in the proportion of N. ceranae-infected colonies between the three sampling months (March, June and October) within each year in period 2008-2011. These results suggest a seasonal pattern in N. ceranae incidence during the four specified years. However, we found no significant differences between March and June within 2012. The significant increase in N. ceranae incidence in June 2012 compared with June incidences recorded in previous years (Table II) probably contributed to the apparent loss of seasonality. Nevertheless, any conclusion regarding seasonality in N. ceranae incidence remains in question as no infection threshold or criteria for seasonal prevalence determination have ever been defined. Accordingly, statistically significant differences affirmed between monthly frequencies of N. ceranae positive samples may not obligatory reflect the seasonality in N. ceranae Table VI . The association of Nosema ceranae infection with colony losses during the summer season based on the proportions of N. ceranae-positive colonies among colonies that survived and that died (2008) (2009) (2010) (2011) (2012) . ), but they observed total lack of seasonality in that year because monthly values did not differ significantly. In contrast, Gisder et al. (2010) reported seasonality in N. ceranae infected colonies in Germany in period 2007-2009 but without any statistical evaluation of differences between spring and autumn proportions of Nosema-infected colonies. Besides, they found much lower proportions of N. ceranaepositive colonies (ranging from 1.3 to 14.9 %) than we recorded in this study (73-98 %). Such differences in N. ceranae prevalence between Germany and Serbia may be due to existence of both Nosema species in Germany, but also due to the differences in sample size and sensitivity of method for Nosema detection. We used 60 bees per sample and applied both microscopy and PCR for Nosema detection, whereas Gisder et al. (2010) used only microscopy to detect Nosema spores and only 20 bees per sample. Such low sample sizes are unreliable for Nosema diagnosis (Fries et al. 1984) , particularly in spring months when more newly born uninfected bees are present (Botías et al. 2012 ). In addition, obvious seasonal patterns of N. ceranae incidence have been reported from the USA (Runckel et al. 2011; Traver et al. 2012 ).
To conclude, based on statistical analysis, N. ceranae exerted a seasonal pattern in Serbia in the 4-year period (2008) (2009) (2010) (2011) . Such findings are not in agreement with conclusions of Martín-Hernández et al. (2007) and Higes et al. (2010a) who attribute seasonal pattern only for N. apis and not for N. ceranae based on their findings in Spain.
No statistically significant N. ceranae seasonality was identified in 2012; however, a seasonal effect may be present when October samples are processed. Here, it is also important to mention that in tropical or subtropical climates, where bees were able to fly all year around, no seasonal pattern in N. apis infections was found (Fries and Raina 2003) . Thus, seasonal pattern of prevalence may be dependent on climatic conditions (Fries 2010 ) not on Nosema species. After all, for reliable seasonality estimation, standards for Nosema monitoring and thresholds in incidence rating are needed and should be defined.
N. ceranae incidences measured in June and October were statistically different among years of this study, possibly as a reflection of climatic changes in Serbia during the past decade. Based on the data reported by Republic Hydrometeorological Sevice of Serbia (RHMZ) in the previous 5 years, the average temperatures continually increased, being 2°C (2008-2010) and even 3°C higher (in the first half of 2012) in comparison with the previous temperature averages. Summers were extremely hot and dry during the whole study period, and especially in 2012, when number of tropical days doubled compared with the previous years. Maximal temperatures exceeded +38°C during the summer 2009 and 2012. On the other hand, wide temperature amplitudes were recorded in February (from −27 to +10°C). Such temperature variations obviously did not decrease N. ceranae prevalence as it maintained and even increased the incidence in Serbia over the last 5 years.
In this study, the symptoms traditionally attributed to N. apis infection (faecal marks, dead and sick crawling bees) were observed in the majority of N. ceranae-infected colonies. These findings are not in agreement with finding of Higes et al. (2008 Higes et al. ( , 2009 ) who reported the absence of clinical symptoms in colonies infected solely with N. ceranae in Spain (nosemosis type C). The fact that we found the symptoms among both surviving and dead colonies, being even more frequent among surviving colonies in the last 3 years (2010) (2011) (2012) indicates that these symptoms could not serve as predictive markers for colony losses. The observations of loose cluster and anxiety in bees during winter with apparently hungry bees on the first spring inspection could be the result of increased energetic stress attributed to N. ceranae-infected bees (Mayack and Naug 2009) as the starvation and lack of thermoregulatory capacity are related with increased energetic stress (Martín-Hernández et al. 2011b) .
No clear association of N. ceranae infection with colony losses were affirmed in this study, neither during the winter nor during the summer season, since in four out of five seasons no significant differences in N. ceranae incidence were affirmed between surviving and colonies that died. These results are consistent with previous reports of Cox-Foster et al. (2007); vanEngelsdorp et al. (2009); Genersch et al. (2010); Gisder et al. (2010) ; Vejsnaes et al. (2010); Stevanovic et al. (2011); Dainat et al. (2012) who also revealed no relation between colony mortality and N. ceranae prevalence.
The highest proportion of colony loss (50 %) recorded in March 2012 is probably the consequence of extreme temperature variations during the previous winter. The average monthly temperature in February 2012 was 6.6°C lower than in previous years, and extremely low temperatures of −27°C were often recorded (RHMZ). Besides, December 2011 and January 2012 were mild, with average temperatures higher than previous years (RHMZ), so the bees were active longer than usually. As the honey bees did not enter into winter hibernation beforehand, the brood was present till December 1st probably with a higher consumption of food as a result. Consequently, the bees may have been exhausted and did not survive extremely cold temperatures in February 2012. As N. ceranae was found in all colonies that died in winter 2012, the influence of this parasite should not be neglected, knowing its role on honey bee immune suppression (Antúnez et al. 2009; Chaimanee et al. 2012) and energetic stress (Mayack and Naug 2009 ).
Best survival rates of honey bee colonies recorded at three localities (No. 14, 15 and 16, on altitudes 777, 600 and 435 m, respectively) are probably the results of their better adaptation to low temperatures. Previously evidenced genetic and behavioural differences among different ecotypes of Serbian honey bees (Stanimirovic et al. 2002 (Stanimirovic et al. , 2005a Stevanovic et al. 2010; Muñoz et al. 2012 ) support the idea that bees from Southern and Eastern regions of Serbia (localities No. 14, 15 and 16) may have better adaptation abilities.
Nosema spores could be detected from bee and faecal samples under the microscope (OIE 2008; Higes et al. 2010a ). In our study, microscopic examination gave 100 % reliable results (compared with PCR) only when faecal samples were analysed, while analyses of live bees gave congruent result in 95 % of cases when compared with PCR. Faecal samples in this study are used for the first time for both Nosema detection and species identification. This type of sample appeared most reliable for Nosema detection, either by microscopy or PCR and also adequate for identification of Nosema species. Accordingly, when available, faeces could be a sample of choice for Nosema diagnostic purposes. Besides, in dead colonies, faeces is the only reliable sample for Nosema diagnosis, as dead bees often gave falsenegative results (12 % in our study and 73.3 % in the study of Tlak Gajger et al. 2010) . When live bees are used as sample for Nosema diagnosis, PCR proved to be more reliable than microscopy. In fact, PCR in this study revealed Nosema infection in 5 % of live bee samples that appeared Nosema-free under the microscope. That could be explained by several factors. Simple, a non-quantitative microscopic method for detecting Nosema infection used in this study (according to the guidelines of OIE 2008) does not imply purification of suspensions (by filtering and/or centrifugation), thus enabling to overlook Nosema spores due to coarse parts originating from 60 bee abdomens macerated in very small amount of water. In addition, all samples in our study were N. ceranae, previously evidenced to have higher proportion of immature stages (70 %) than of mature stages ), that could make it possible to overlook N. ceranae infection by light microscopy in bee samples, especially in early stages of infection. The proportion of false-negative live bee samples were much greater in the study of Traver and Fell (2011) who microscopically overlooked Nosema spores in 51.1 % of colonies that subsequently, using realtime PCR, were revealed to be N. cearane infected. The facts that PCR detection methods have greater sensitivity (Bourgeois et al. 2010; Hamiduzzaman et al. 2010; Traver and Fell 2011) and the ability to detect immature stages of microsporidia and N. ceranae infection in other tissues as hypopharyngeal glands, salivary glands, malpighian tubules, fat bodies and brain (Chen et al. 2009; Gisder et al. 2010) are good reasons to explain why in some cases Nosema infection in live bee samples is not detected by microscopy but positive using PCR. However, it should be noted that sampling of live bees for Nosema diagnosis is accompanied by several issues that notably affect the diagnosis (Botías et al. 2012) . These problems could be overcome with sampling and analysing feces when available in accordance with the protocol we presented in this study.
CONCLUSIONS
N. ceranae infection in Serbian honey bee colonies do not resemble the characteristics described for nosemosis type C, previoulsy attributed for N. ceranae-infected bees in Spain Higes et al. 2008 Higes et al. , 2009 ), because we affirmed seasonality in N. ceranae incidence, symptoms traditionally attributed to N. apis infection (faecal marks, dead and sick crawling bees) in majority of N. ceranaeinfected colonies, and no association between N. ceranae infection and colony loss. The fact that we found the symptoms among both surviving colonies and colonies that died, being even more frequent among surviving colonies in the last three years of the study (2010) (2011) (2012) indicates that these symptoms could not serve as predictive markers for colony losses. Faeces could be recommended as a sample of choice for Nosema diagnostic purposes always when available, as in this study it appeared to be the most reliable method for N. ceranae detection, either by microscopy or by PCR. 
